Abstract--Based on the 5 MV wind turbine of a certain renewable energy institute in America, the model of a floating offshore wind turbine spar platform mooring system has been established by Orcaflex. By calculating the load on the wind turbine, the hydrodynamic analysis of the wind turbine mooring system was researched and the mooring tension of the mooring system was analyzed in different load conditions. With the change of different fairlead position and different layouts of the fairleads, the optimization design of the mooring system has been given.
I INTRODUCTION
A satisfying mooring system for the offshore wind turbines is very complex. The almost constant wind, current and wave drift force would cause the natural position of the system to move and produce the impact load at the equilibrium position which would make the mooring chain appear tension-relaxation alternating motion. It would cause the mutation of the cable effective tension.
At present, the floating offshore wind turbine spar is only applied to the shallow water depth of 30m. [1] [2] In this paper, based on the time domain coupled dynamic analysis method, the applicable water depth has reached up to 70m.
II MATHEMATICAL FORMULATION

A. The Description of the Wind Speed
The change of the mean wind speed along the height generally conforms to the exponential law or logarithm law. Marine structures always uses American Petroleum Institute (API) spectrum. So Orcaflex modelling process also chose American Petroleum Institute (API) wind spectrum.
Where z is the height above sea level, h is the reference height above sea level, generally taken to be 10 m, ( ) u z is the mean wind speed at the height of z, ( ) u h is the mean wind speed at the reference height. And n is the wind profile index.
B. Theory of the Motion of the Wind Turbine Blades
The wind turbine blades are subjected to lift force WL F , drag force WD F and a central moment M . All of these only depend on the incident angle α . Therefore, Orcaflex used the
A is the blade area for the vertical wind direction , V is the wind speed of the blade center, d is the wind blade width, a ρ refers to the density of the air, here taken as 1.3kg/m 3 .
C. The Load Calculation of the Tower and the Selection of the Wave Theory
The tower can be viewed as a slender rod. In Orcaflex, it is calculated by the Morison formula. The acceleration of air in the calculation of wind load is small, so the inertia force term can be ignored. ( ) v t is the wind speed.
Dean pointed out that in a variety of water depth, the Airy wave theory gives good results. [3] So we used the Airy wave theory in the modelling process .
D. Calculation of Current Load and Wave Load
The performance of the mooring line is equivalent to a nonlinear spring. The line is divided into a series of line segments which are then modelled by straight massless model segments with a node at each end. The model segments only model the axial and torsional properties of the line. The other properties are all lumped to the nodes. [4] [5] [6] [7] [8] 
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That is also the foundation of mathematics model of line tension in Orcaflex. [9] The tension FT of the spar platform is vector sum of 6 cables mooring forces of its mooring system. The spar platform is subjected to current load force FC, the drag force FD, the inertia force FI, the buoyancy force FB, the gravity FW, the wind loading force Fwind and moment Mwind which are delivered by the part above water, the water damping force FK, the water damping moment MK, the tension FT and the total moment MT that all the mooring chains give it. We assume the total force is F and the resultant moment is M. The total external load can be expressed as;
III DESIGN OF THE MOORING SYSTEM AND THE MODEL With 6 mooring chains anchoring the spar platform in the sea, two different layouts of the fairleads has been designed. 
A. The Instruction of the Model Coordinate System
Takes W as the origin point of the local coordinate system W-xyz, in which W represents the center of the wind turbine blades. To determine the coordinate axis G-XYZ, a global coordinate system has been made, in which G represents the starting point of the global coordinate system, GX, GY, GZ, respectively represent X axis Y axis and Z axis. The directions of wind, wave and current are relative to the global coordinate system of the GX axis and GY axis, just as shown in Figure 2-Figure 4 . The angle α in the local coordinate in Figure 2 is the incident angle. The range of the incident angle is -90 deg to +90 deg.
B. The Establishment of the Model in Orcaflex
In this model, the main structure of the tower construction and underwater Spar column have been built by 6D buoy. This main sea boundary condition for the system is as the following: the wave height ,H=2m; the wave period, T=15s; the wave direction and current direction are both taken as 90 deg, the current speed is taken as 3m/s in a certain sea state, the water depth is 70m. The inner diameter of each line is 0m, the outer diameter is 0.35m, the bending stiffness of them, EI=0; the axial stiffness of them, EA=5200KN; the line density is 0.15t/m, the Poisson's ratio υ is 0.5, the length of each line is 60m. Completed in Orcaflex, the two models of different mooring systems have been shown in Figure 5 . 
IV RESULTS
According to the normal working conditions, wind direction is at 90 deg; when studying on the effect of different mooring form, the wind speed is taken as the working wind speed 15m/s. Table 3 shows the maximum mooring tension of each mooring chain from large to small order: 6, 5, 3, 2, 4, 1. The mooring tension of line 1 and 4,line 2 and 3, line 5 and 6 have respectively mutually symmetrical distribution, and the mooring tension of line 5 and line 6 is far larger than that of other chain line. The reason for this phenomenon is that the mooring arrangement of line 1 and line 4, line 2 and line 3 , line 5 and line 6 are respectively mutually symmetrical; and line 5, 6 are in windward and upstream head sea direction, in order to prevent the wind turbine shift to the leeward direction, line 5,6 are under great mooring tension, that leads to asymmetric distribution of asymmetric mooring chain lines. Figure 6 illustrates, in the mooring system, the largest roll angle of the Spar platform is 9.27 deg, not more than the normal work angle (15 deg); in the mooring system, the maximum heave amplitude is less than 1.4m, which can satisfy the actual working requirement. Table 4 shows the maximum mooring tension of each mooring chain from large to small order: 3, 5, 6, 2, 4, 1.The mooring tension of line 1 and line 4 have excellently symmetrical distribution. The mooring tension of line 2 and 3, line 5 and 6 are respectively symmetrically distributed. In comparison Table 3 and Table 4 , although the mooring tension maximum distribution has changed, but the mean mooring tension value of line 5 and line 6 are much larger than the others, which indicates the mooring tension of line 5 and line 6 are much larger than the others in most periods. With observation in Figure 7 , the largest roll angle Spar platform is 6.42 deg, The maximum heave amplitude is less than 1m. Compared with the grouping layout, the uniform layout is safer. V CONCLUSIONS 1) Under the same external load conditions, overall, the mooring tension of each mooring chain line in uniform layout is much larger than in grouping layout.
A. The Dynamic Response of Grouping Layout
B. The Dynamic Response of Uniform Layout
2) Under the same external load conditions, the uniform layout is better in the above two different layouts of the fairleads of the mooring system. And after moving the fairlead position properly, all the mooring chains increase the constraints of roll and heave of the wind turbine spar platform, while the grouping layout has fewer constraints on the spar platform. 
